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Abstract 
This paper compares two fundamentally different systems engineering approaches found in two separate NASA systems 
engineering manuals. These manuals and their corresponding approaches exist as a collection of information that have been 
gathered, analyzed, and structured in order to help guide systems engineers and systems engineering in the development and 
management of complex launch systems. As a result, both manuals demonstrate in-depth insight into systems engineering as a 
discipline and its evolution through decades of practice, research, and collective thought. However, in order to fully understand 
the insight these manuals can provide, this paper presents a clear description, discussion, and distinction between the 1995 NASA 
manual with its focus on the product aspects within systems engineering and the 2007 NASA manual with its focus on the 
process aspects. By allowing this separation, this paper abstracts the characteristics, merits, and issues surrounding these two 
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1. Introduction 
In 1989, NASA began initial planning and development on a project that sought to capture systems engineering 
knowledge throughout the entire organization. The purpose behind this project was to collect this information and 
use it to build a manual that could provide guidance toward understanding and teaching the systems engineering 
discipline. An initial draft to the manual was produced 1992 and quickly became requested and used throughout 
NASA as a fundamental guide for systems engineering in both its approach toward complex systems development 
and as an overview regarding the systems engineering discipline. Due to the initial success, it was updated in 1995 
and formed into an official handbook and distributed throughout the organization. However, in the mid-2000s, 
NASA officials requested an overhaul of the systems engineering manual because significant changes such as ISO-
9000, Capability Maturity Model Integration (CMMI), lessons learned from previous projects, and the Columbia 
accident investigation had provoked a re-examination of the systems engineering discipline. As a result, the 1995 
manual was phased out and a newer one released in 2007. 
 
 However, despite this update, NASA systems engineering has shown to be less than adequate. As identified by 
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the GAO [1][2], cost and schedule overruns are prevalent throughout NASA projects and cancellations are frequent. 
Naturally, this provokes questions regarding the systems engineering process and its effectiveness in developing and 
managing these complex systems. While many factors exist that can cause these affordability problems (e.g. external 
influences or poor programmatic decisions), the systems engineering process and its approach both carry significant 
responsibility for failing to prevent and solve these affordability challenges. While the concepts surrounding the 
product versus process approach toward systems engineering will be discussed in later sections, it is important to 
recognize that the immediate difference between each occurs through the use of an entity called a process. 
Instinctively, a process can be thought of as some categorical, explanatory, and systematic way to receive input(s), 
perform actions on the input(s), and then produce output(s). Employing processes to design a system is an excellent 
foundation since it provides clear organization and explanation regarding how components within a system should 
operationally perform and interact with one another. However, many interesting observations can also be made 
when using processes this way. For example, is it possible to come up with a systems design in which too many 
processes exist? Is it also possible that the characteristics about these processes be poorly understood or that the 
processes do not integrate or inter-operate smoothly? As Componation et al. [3] have written, these process 
inefficiencies are both entirely possible and actually represent a significant problem within the NASA systems 
engineering process. It is also important to recognize that a systems engineering approach which relies purely upon 
processes represents a limited perspective and can ignore something even more important  dynamic interactions 
and the search for an elegant product design. 
 
As Griffin [4] writes, complex systems exist as a collection of entities that are constantly and dynamically 
interacting with one another. These interactions ripple through each system and affect each entity, their states, and 
naturally cause the system to dynamically evolve and change. Griffin discusses that processes within current 
systems engineering attempt to capture these interactions and verify their correctness; but, while processes are 
necessary, they should not represent the focus of the system. Indeed, if processes (as they are instinctively 
understood) are used to design a system, then the result is a systematic, well organized, yet static design that 
attempts to explain interactions that may not be well understood initially or even identified. Instead, Griffin argues 
that instead of using more processes, engineers should better examine the context and relationships among the 
entities within a system to effectively develop and manage these complex system designs. The end result can 
produce an elegant design that consists of four basic attributes: effectiveness, efficiency, robustness, and an ability to 
minimize unintended consequences. This elegant design is something that all systems engineers should strive to 
implement, but systems engineers must first recognize the dynamic properties of a system before an elegant system 
can be realized.  
 
Although software and systems engineering share similarities, their relationship is outside the scope of this paper. 
Yet, consider the relationship between the product and process within software engineering. As Davis [5] wrote 
about in 1995:  
 
upon product issues to process issues. Thus, we have embraced structured programming languages (product) 
followed by structured analysis method (process) followed by data encapsulation (product) followed by the current 
 
 
Interestingly, when examining the two NASA manuals, a similar situation exists in which each manual treats 
system engineering in the same manner as Davis has described -- one emphasizing the product whereas the other 
emphasizes the process. When considering the aforementioned historical changes and timing between the 1995 and 
2007 manual, there also exists a twelve year difference that lies well within Davis's estimate. So, throughout the 
remainder of this paper, a comparison and discussion between each manual and its orientation toward systems 
engineering will be presented. The 1995 manual will represent the product focus within systems engineering 
whereas the 2007 manual will represent the process focus. By comparing both manuals in this way, the insights that 
can be observed will then be abstracted and used to critically examine formal NASA systems engineering. 
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2. The Product Focus 
Before a discussion regarding the 1995 manual can take place, it is worth elaborating on what the product focus 
means for systems engineering. The product focus is the mindset that systems are complex in their nature and, while 
similarities exist between them, they cannot be effectively built through any predefined, algorithmic, or 
methodological sequence without first understanding the system. The 1995 manual emphasizes the product focus by 
capturing and stressing these principles while teaching systems engineering. This examination will begin with the 
first chapter  the systems engineering fundamentals  and then demonstrate the product emphasis in the following 
section. 
2.1. Systems Engineering Fundamentals 
The 1995 manual identifies and describes systems engineering fundamentals within four broad categories: the 
systems hierarchical structure, the systems engineering role and its objectives, the disciplines related to systems 
engineering, and the successive refinement doctrine. These initial categories, ideas, concepts, and discussions 
provide explanation and guidance for systems engineers to approach, design, and evaluate complex systems. 
 
one another in an organized fashion for a common purpose. The components of a system may be quite diverse, 
consisting of persons, organizations, procedures, software, equipment, and/or facilities" [6]. Similarly, a collection 
of related systems forms a supersystem and the decomposition of a given system produces its related subsystems. 
This se n, and operation of 
a system" [7
system is designed, built, and operated so that it accomplishes its purpose in the most cost-effective way possible, 
considering performance, cost, schedule, and risk" [7]. Given this objective, a systems engineer must then design 
systems that produce optimal results with the project resources while balancing trade-offs between the constraints 
and goals that influence that particular system. 
 
The distinction between systems engineering and related disciplines is another fundamental. The 1995 manual 
explains that: "The definition of systems engineering ... could apply to the design task facing a bridge designer, a 
radio engineer, or even a committee chair. The systems engineering process can be a part of all of these. It cannot be 
the whole job -- the bridge designer must know the properties of concrete and steel, the radio engineer must apply 
Maxwell's equations, and a committee chair must understand the personalities of the members on the committee" 
[8]. Additionally, 
 
oftware architectures and the development 
and management of the interfaces between each subsystems, while relying on systems analysis to construct the 
mathematical models and analyze the data to evaluate alternative designs and to perform the actual design trade 
producer of ].  
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Fig. 1  Successive Refinement Doctrine (NASA Handbook 2007, p. 56) 
 
The final fundamental, the successive refinement doctrine, explains that the systems engineering process represents 
an iterative and recursive approach toward identifying, designing, and implementing decisions involving systems. In 
particular, the 1995 manual also describes the doctrine as the intellectual thought process and rationale behind 
systems engineering. Figure 1 illustrates the doctrine as it appears in both the 1995 and 2007 manuals. 
2.2. Product Discussion and Application 
The previous two sections provide an explanation of the product focus in the first two chapters in the 1995 
manual. However, it is the last three chapters (management issues, systems analysis and modeling issues, and 
engineering discipline integration) that provide the techniques, skills, and applicable information to guide systems 
engineers to select the appropriate methods best suited toward engineering their system. In fact, the management 
issues chapter states that: "These products and approaches are the system engineer's contribution to project 
management, and are designed to foster structured ways of managing a complex set of activities" [10]. However, 
since the remaining three chapters are predominately about specific technique application, less attention will be 
given to the individual chapters themselves. Instead, the product focus will be presented through examining the 
management issues chapter begins: 
 
 -and-
systems are successively divided into pieces that are less complex, until they are simple enough to be conquered. 
This decomposition results in several structures for describing the product system and the producing system 
system architecture, and certain symbolic information such as system drawings, schematics, and databases. The 
structures that describe the producing system include the project's work breakdown, schedules, cost accounts, and 
organization. These structures provide different perspectives on their common raison d'etre: the desired product 
system. Creating a fundamental harmony among these structures is essential for successful systems engineering and 
project management; this harmony needs to be established in some cases by one-to-one correspondence between the 
two structures, and in other cases, by traceable link ].  
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The chapter describes the development guidelines, rationale, and application these structures have within the 
systems engineering process. In particular, this chapter discusses the systems engineering management plan, the 
work breakdown structure, and the various schedule, risk, review, and other activities that systems engineers might 
need to incorporate or think about when designing their system. 
 
rigorous and consistent evaluations so as to foster better decisions in the systems engineering process. By helping to 
progress the system design toward an optimum, systems analysis and modeling contribute to the objective of 
]. It explains the trade study process and activities, methods for controlling trade studies, 
and models. In particular, significant discussion regarding model selection, use, characteristics, and pitfalls are 
they purport to represent, and they  [12
to treat such important interactions, the system engineer must ensure that others do not reach false conclusions 
regard ].  
 
The specialty engineering integration chapter provides guidance for systems engineers to incorporate specialty 
ystems engineering process by 
applying specific knowledge and analytic methods from a variety of engineering specialty disciplines to ensure that 
the resulting system is actually able to perform its mission in its operational environment. These specialty 
engineering disciplines typically include reliability, maintainability, integrated logistics, test, fabrication/production, 
human factors, quality assurance, and safety engineering. Our view of the role of engineering specialties, then, is 
mission assurance
identify the particular engineering specialties needed for his/her tailored Pro ]. 
3. The Process Focus 
In contrast to the 1995 manual, the 2007 manual focuses on systems engineering processes. All of systems 
engineering involves efforts to produce some end product. However, the process focus is a mindset that stresses 
applying processes, procedures, and defined structure to develop and manage complex systems effectively. As a 
result, this approach defines standard processes through which work flows and captures and verifies interactions to 
produce the end system. Similar to the 1995 manual, this examination will begin with the systems engineering 
fundamentals chapter before then moving onto the process emphasis in the following section. 
3.1. Systems Engineering Fundamentals 
The 2007 manual identifies systems engineering fundamentals within two broad categories: a systems 
ideas, concepts, and discussions within this section provide explanation and guidance on how systems engineers 
should approach, design, and evaluate complex systems. 
 
The systems engineering overview describes the purpose, scope, and role that systems, systems engineers, and 
systems engineering have when deve
methodical, disciplined approach for the design, realization, technical management, operations, and retirement of a 
 that together produce results not obtainable by 
the elements alone. The elements, or parts, can include people, hardware, software, facilities, policies, and 
documents; that is, all things required to produce system- ]. The 2007 manual al
systems engineer will usually play the key role in leading the development of system architecture, defining and 
allocating requirements, evaluating design tradeoffs, balancing technical risk between systems, defining and 
assessing interfaces, providing oversight of verification and validation activities, ] 
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ryone is a systems 
]. 
 
amental identifies and describes the structure and application of a systems engineering 
process using three common technical processes and seventeen sub-processes. The three common technical 
processes are identified as: systems design, product realization, and technical management. The systems design 
and convert the technical requirements into a design solution that will satisfy the baselined stakeholder expectations. 
These processes are applied to each product of the system structure from the top of the structure to the bottom until 
the lowest products in any system structure branch are defined to the point where they can be built, bought, or 
re
system structure starting from the lowest level product and working up to higher level integrated products. These 
processes are used to create the design solution for each product (e.g., by the Product Implementation or Product 
Integration Process) and to verify, validate, and transition up to the next hierarchical level products that satisfy their 
design solutions and meet stakeholder expectations as a function of the applicable life-cycle pha ]. Lastly, the 
communication across interfaces, to assess progress against the plans and requirements for the system products or 
services, to control technical execution of the project through to completion, and to aid in the decisionmaking 
]. Each common technical process also contains a number of sub-processes that refine the work to 
perform at each step. The sub-process applicability and use will be discussed more thoroughly in a later section. 
 
 
 space transportation system, the 





Fig. 2  The Systems Engineering Engine, SE Engin  (NASA Handbook 2007, p. 5) 
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3.2. Process Discussion and Application 
The previous section provides an explanation regarding the process focus within the first two chapters in the 2007 
manual. However, the common technical process chapters (systems design, product realization, and crosscutting 
technical management) all 
chapters accomplish this by illustrating and explaining the structure, interactions, and relationships between the 
seventeen sub-processes and their role in developing and managing complex systems. Like the product discussion 
and application section, less attention will be given to the individual chapters within this section. Instead, the process 
focus will be presented by showing the procedural flow and interactions these sub-processes have with one another. 
This section will extensively explain and refer to Figure 2. 
 
The system design process is composed of four sub-processes: stakeholder expectations definition, technical 
requirements definition, logical decomposition, and design solution definition. The 2007 manual states that these 
and a validated design solution that satisfies a set of stakeholder exp ]. The stakeholder expectations 
definition process is the first to execute in the sequence and design solutions definition the last. As each process 
progresses, the results are then used as inputs to the next and also placed into technical management processes. After 
the design solution definition process finishes, the systems resolution is then enhanced and the cycle repeats at the 
stakeholder expectations definition process. This continues until the lowest level is realized and the decisions can 
then be implemented by the product realization process. 
 
Figure 3 illustrates an example of the design solutions definition sub-process in the systems design process. The 
left side of this figure represents inputs to the process, the inner box represents activity flow within the process, and 
the right side represents the outputs to other processes. Each sub-process within the 2007 manual contains a similar 
structure and set of interactions. 
 
Fig. 3  The Design Solutions Definition Process (NASA Handbook 2007, p. 55) 
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The product realization process is responsible for iteratively and recursively implementing the system design 
process decisions from the lowest level is upward until the end system is realized. The product realization process is 
composed of five sub-processes: product implementation, product integration, product verification, product 
processes result in systems that meet the design specifications a ]. The product 
implementation process is the first in the sequence and results in either building, reusing, or purchasing the lowest 
level system components; these components then move through the product verification, product validation, and 
product transition processes before the system resolution expands to the second lowest level. The cycle then starts at 
the product integration process where the components are integrated together to form the second lowest level 
components. These new components then move through the same product verification, product validation, and 
product transition processes and this cycle continues until the end system is produced. 
 
The crosscutting technical management process provides constant guidance and management to decisions within 
both the systems design and product realization processes. The eight sub-processes within the crosscutting technical 
management process are: technical planning, requirements management, interface management, technical risk 
management, configuration management, technical data management, technical assessment, and decision analysis. 
the technical team. ... Without these crosscutting processes, individual members and tasks cannot be integrated into a 
functioning system that meets the ConOps within cost and schedule. The project management team also uses these 
crosscutting functions to execute pr 19]. Unlike the system design and 
product realization processes, no process in crosscutting technical management executes first. Instead, these 
 
4. Insights and Comparison 
The previous sections review how each NASA manual treats the systems engineering discipline, but between the 
1995 and 2007 manuals there exists three significant differences: systems engineering and its related disciplines are 
blurred in the tra
introduced. This section will explain in more detail the aforementioned differences and their impact toward NASA 
systems engineering. 
 
The first significant difference between both manuals occurs with systems engineering and its related disciplines. 
The 1995 manual presents a clear distinction between systems engineering and other disciplines whereas the 2007 
manual does not. The 1995 manual explains this separation because it is demonstrating that, while systems engineers 
and systems engineering play an important role, they are neither substitutes nor replacements for other disciplines 
when designing systems. Recall the relationship between systems engineering and systems management in the 1995 
manual. While the fine distinction may seem trivial, it is crucial toward understanding that systems engineering 
exists as an engineering effort in which individuals identify problems, develop a thorough understanding about these 
problems, and then design effective and efficient solutions based on their experience, knowledge, and resources. 
Systems management represents the decision making process that works in unison with systems engineering and 
guides systems, not design them. However, the 2007 manual does not explain this differentiation when teaching the 
systems engineering discipline. Instead, the 2007 manual treats systems engineering (and systems engineers) as 
having an all-encompassing purpose within a project. Conventional wisdom within systems engineering states that 
the whole is greater than the sum of the parts; if this is true, then systems engineering is an entity that must operate 
in sync with other disciplines rather than overshadow them.  
 
The successive refinement doctrine represents the second significant difference between both manuals. The 1995 
manual treats the doctrine as fundamental because it is simple to understand, yet elegant enough to describe the 
systems engineering process to translate need into an accomplished system. More importantly, the 1995 manual 
stresses the doctrine because it captures the intellectual rationale behind designing systems as products. Recall that 
the doctrine is a strategy for decomposing complex systems and identifying both their product and producing system 
structures. Teaching and applying the doctrine this way is intentional; the 1995 manual is illustrating that creating 
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the desired system requires . As a 
result, the doctrine recognizes that systems are inherently unique products that require different system decisions. 
requirements-driven design paradigm is used for the development of the system architecture, it must be applied with 
20]. Interestingly though, the 2007 manual explains the successive refinement doctrine as 
well  the design solutions definition process in Figure 3 illustrates it. The 2007 manual explains that the doctrine is 
extensively used within this process to decompose predefined requirements and models into designs that can be 
implemented using the product realization process. The intention to design systems as products is then still present 
in the 2007 manual, but the doctrine and its importance understated by becoming another p
  
 
technical processes and seventeen sub-processes. The result produces an iterative and recursive structure that 
procedurally directs and implements systems engineering and its activities. In contrast, the 1995 manual provides 
guidance, yet does not dictate the steps to design and manage complex systems. When then comparing the two 
approaches, the 2007 manual teaches systems engineering as well-defined and streamlined whereas the 1995 manual 
does not. Interestingly, the 1995 manual does not teach systems engineering this way for a reason; as the authors of 
well-defined beginning and proceeding seamlessly from one topic to another. Rather it is a field that draws from 
many engineering disciplines and other intellectual domains. The boundaries are not always clear, and there are 
many interes  [21]. The 1995 manual explains this because systems engineering and 
systems are complex in their nature and cannot be thought about in a fixed methodology. Consider that all systems 
exist as a collection of entities that operate together toward a purpose; a system might be simplistic or complex, but 
the boundaries and challenges that define them are not always well understood. The system engineering process 
must then address these concerns, but does so by first understanding the system context and then adapting to solve 
these challenges. In addition, the necessity to adapt projects by understanding their context is seen when the 1995 
manual explains that: In general, the engineering development life cycle is dependent on the technical nature of 
what's being developed, and the project life cycle may need to be tailored accordingly" [22]. Furthermore: 
-dependent decision based on the system 
enginee ]. These quotes are demonstrating that systems engineers cannot use a 
"one-size-fits-all" approach toward managing complex systems and must tailor the management accordingly to the 
engineering to a limited perspective and restricts its ability to evolve as necessary. 
5. Recommendations  
Over the past several decades, the systems engineering community has built a collection of extremely advanced 
and sophisticated tools and processes that measure all aspects within complex systems. However, while the 
achievements made in this field have been nothing less than remarkable, it is important to understand that processes, 
methods, metrics, and other tools are useful only if used appropriately and produce the intended end result  an 
accomplished system. In many cases, these tools are implemented within systems not because including them 
effectively contributes to solving the overall system, but rather because it is considered proper etiquette to have these 
processes in place. When relating back to the two manuals, the comparison shows that these processes, tools, and 
methods are certainly necessary elements, but dependence on them eventually leads to complex designs that attempt 
to explain, control, and direct the entire system before it has even started. This emphasis eventually leads to 
processes interacting with and explaining one another rather than processes demonstrating their direct impact on 
producing the complex system. Therefore, it  the systems engineering 
community and systems engineers step back and begin questioning the necessity for adding more processes to these 
complex systems. The comparison between both NASA systems engineering manuals demonstrates what occurs 
with the continual emphasis upon process: an incredibly well organized, but static approach that restricts how 
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systems should be thought about and designed. Instead, the author encourages systems engineers to view systems as 
dynamic entities that demand closely examining the purpose, goals, use, and, most importantly, evolution that each 
system can go through before committing to processes or structure within their design. It is also the s opinion 
that, while processes and structure are necessary elements in a design, they will not likely solve complex systems 
engineering challenges because systems still fail even with the most advanced processes in place. Instead, the 
systems engineering community must move past processes and begin examining the missing elements within 
complex systems or else the same discussions, same results, and same system failures will likely occur in the future. 
6. Conclusion 
This paper presented a clear separation and discussion between the 1995 and 2007 NASA systems engineering 
manuals and their approaches toward teaching systems engineering. The 1995 manual contains a product emphasis 
and explains that systems engineering decisions must be made based on understanding a system and its context. The 
2007 manual contains a process emphasis that explains teaching systems engineering requires defined structure, 
procedures, and processes. This paper identified that systems engineering and related disciplines, the successive 
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